I ntroduction: Tight blood glucose control has become a therapeutical goal for anesthetic management for patients scheduled for cardiac surgery, especially if they are diabetic patients. Aim: This study was created to confirm the benefits of intraoperative GIK solution usage during coronary bypass operation of diabetic patients. Methods: Patients with type 1 and 2 diabetes mellitus (DM) referred for coronary artery bypass grafting (CABG) were randomized to receive GIK solution (GIK -study group) in the first 24 hours intraoperatively or to receive official Clinical protocol without GIK solution (non GIK -control group). The primary clinical outcome was the cardiac index (CI) since it represents the most sensitive measure of cardiac work in the immediate postoperative period, and the secondary clinical outcomes were the glycemic control, insulin consumption, duration of mechanical ventilation (MV), potassium level and atrial fibrillation (AF) appearance. Results: One hundred diabetic patients, divided into two groups, were included in the study. The cardiac index did not show a significant difference, although the study group had CI with only minor variations than those of the controlled group, hence the reason we considered the study group as the more stable. The atrial fibrillation showed a difference between two groups, with 14 (28%) patients with postoperative AF in the control group compared with 3 (6%) patients with postoperative AF in the study group. As potassium values were stable in study group, we concluded that it can be one of the reasons for less postoperative AF in this group. The duration of MV showed a significant difference (0,003) between the two groups as well. In the study group the average MV time was 534,38 minutes, compared with the control group with 749,20 minutes. The average value of glucose was 11.1 mmol/l in the control group vs. 9.8 mmol/l in the study group. The study group had less insulin consumption in order to maintain target glycemia (p=0,001). In the non GIK group average insulin consumption was 44 IJ per patient vs. 28,5 IJ in the GIK group. Conclusion: Intraoperative GIK solution given to diabetic patients with CABG operation provides more stable CI, shorter time of MV, more stable values of potassium which provides normal rhythm and less AF onset, less insulin to maintain target glycemia. All the above mentioned provides more stable intraoperative hemodynamic and better recovery of diabetic patients with coronary artery bypass operations.
INTRODUCTION
Diabetes is metabolic disturbance characterized with hyperglycemia which is the risk factor for cardiovascular complications, caused by micro angiopathy and macro angiopathy changes. Diabetes mellitus type 2 is the most frequent form presenting up to 90% all verified diabetic patients, which presents 3% to 5% of total population. Diabetes mellitus type 2 increases risk of cardiovascular complications by two to four times, and more than 50% of such patients with diabetes dies from cardiovascular diseases.
Diabetic heart disease includes coronary artery disease, heart failure and diabetic cardiomyopathy. In diabetics, coronary artery disease has a higher prevalence compared to non-diabetics, more expensive treatment, the disease is multiple vessel disease and has a rapid progression.
In diabetic populations with severe coronary artery disease, coronary artery bypass surgery (CABG) is associated with an increased rate of intraoperative complications compared with non-diabetics. Postoperative myocardial dysfunction is exacerbated by the presence of diabetes, so cardiac low output syndrome is more common in the postoperative period in diabetics. It also increased the rate of re-hospitalization and additional treatment. In cardiac surgery there are three factors involved in the occurrence of stress reactions-surgical induced stress, anesthetic-induced stress and the stress that causes the use of cardiopulmonary bypass (CPB). The hyperglycemia is the result of all mentioned stress reaction and in this way caused hyperglycemia can induce heart damage in different ways.
GIK solution limits post ischemic tissue necrosis, infarction and acidosis, and prevents myocardial stunning.
This results in improving CI, shorter period of MV, reduction in postoperative rhythm disturbances, better energy balance of muscles and endothelial function improvement. All mentioned above, results in better myocardial function and left ventricle contractility.
AIM OF STUDY
Aim of this study was to confirm the benefits of intraoperative GIK solution usage during coronary artery bypass operation of diabetic patients.
pATIeNTS AND MeTHODS
Patients were divided into two groups (GIK group-study and non GIK group-control), each with 50 diabetics scheduled for CABG; one group received itraoperatively GIK solution and one was operated without GIK solution. All patients were operated in the Heart Centre, Clinical Center of Sarajevo University, in the period from January 2007 to March 2011, the study was prospective. Data were collected from official medical files and specially created questionnaire made for our study.
Inclusion criteria were: verified diabetic patients with indication for CABG, elective double or triple CABG done with CPB, patients were in the age range 18-80 years, both sexes. Criteria for exclusion were: redo surgery, surgery without use of CPB, combined operations (coronary artery bypass with valve replacement or plastic) and emergency cases.
The parameters that were monitored were: intraoperative-use of arterial grafts, aortic crossclamp time and CPB time; postoperative-time of mechanical ventilation, occurrence of intraoperative infarction, rhythm disorder, kidney dysfunction, multiple organ failure, stroke, use of blood and blood products; hemodynamics -cardiac index; laboratory parametersglucose and quantity of used insulin to maintain target glycemia. The 
ReSULTS
All relevant patients preoperative data and operative data are shown in the Table  1 and Table 2 .
We found the cardiac index (CI) as the primary marker, since it represents the most sensitive measure of cardiac work in the immediate postoperative period. We did not get a significant difference in cardiac index of the observed groups, although the study group had cardiac index with only minor variations than those of the controlled group. As the study group had less variations in CI, we considered it as the more stable group due to cardiac index and hemodynamics (Chart 1).
Onset of the atrial fibrillation was present in 14 (28%) patients in the non GIK group compared with 3 (6%) patients in the GIK group (Table 3) .
In the non GIK group there was a statistically significant difference in the measurement of potassium between the 6th and 12th hour p = 0.049, and between the 12th and 24th p = 0.014 hours. In the GIK group there were no statistically significant differences in deviation of repeated measurements of potassium, except during the interval between the measurement 0 and 6th hour (p <0.005), indicating that the GIK group was stable. As potassium values were stable in the GIK group, we concerned that as one of the reasons of less AF onset in this group (Chart 2).
There is also a significant difference (0,003) between the two groups in time on mechanical ventilation. The mean time of MV in non GIK group was 749,20 minutes vs. 534,38 minutes in GIK group (Table 4) . 
Results
All relevant patients preoperative data and operative data are shown in the first two tables. We did not get a significant difference in cardiac index of the observed groups, although the study group had cardiac index with only minor variations than those of the controlled group.
As the study group had less variations in CI, we considered it as the more stable group due to cardiac index and hemodynamics.
Chart 1. Cardiac index values in both groups

Onset of the atrial fibrilation was present in 14 (28%) patients in the non GIK group compared with 3 (6%) patients in the GIK group. In the non GIK group there was a statistically significant difference in the measurement of potassium between the 6th and 12th hour p = 0.049, and between the 12th and 24th p = 0.014 hours. In the GIK group there were no statistically significant differences in deviation of repeated measurements of potassium, except during the interval between the measurement 0 and 6th hour (p <0.005), indicating that the GIK group was stable. As potassium values were stable in the GIK group, we concerned that as one of the reasons of less AF onset in this group.
Chart 2. Potassium minimal, maximal and mean values
There is also a significant difference (0,003) between the two groups in time on mechanical ventilation. The mean time of MV in non GIK group was 749,20 minutes vs. 534,38 minutes in GIK group.
Bearing in mind how much can be harmful appearance of hyperglycemia in the early postoperative recovery, we observed it in our study. In both groups, there was an increase in blood sugar levels. In the control group the highest value of glycemia was 18.2 mmol/l, vs. 18 mmol/l in the study group. With the rapid correction of hyperglycemia with an IV. bolus of insulin, desired glycemia values were achieved. The average value of postoperative glycemia was 11.1 mmol/l in the control group vs. 9.8 mmol/l in the study group. (Chart 3).
The insulin consumption in groups were different. In the non GIK group mean value of insulin consumption was 44 IJ (28IJ -66IJ) vs 28,5 IJ (12IJ -42IJ) in the GIK group. So, the GIK group had less insulin consumption in order to maintain target glycemia (0,001) ( Table 5 ).
There were no significant differences between two observed groups in postoperative kidney insufficiency with indicated hemodialysis, stroke, reinfarction, indication for re-exploration, used blood and blood products and quantity of used inotropes.
DISCUSSION
During the past few years, it has become evident that the metabolic control is very important for postoperative outcomes for all surgical patients. The current findings suggest that a small increase in blood glucose may jeopardize the patients (diabetics and non diabetics) with cardio surgery operations, leading to a number of postoperative complications, although precise figures of insulin therapy, the desired level of glucose, and duration of therapy have not yet been precisely determined.
As we confirmed in our study, Fan Y et al in a study with 2113 adult cardiac surgery patients, proved that the GIK group had a significantly better value of CI. (1) Howell NJ et al. showed the same results in their study concerning CI (2) . Study of Quinn et al. showed that GIK solution increased CI, decreased systemic vascular resistance, the number of episodes of low cardiac output (3) and same results had De Barcellos CS study (4) .
In our study we have a significant difference in the duration of MV between the two studied groups. Gandhi GY study showed the correlation between hyperglycemia as an independent risk factor for the extended use of MV. (5) Hermans G. study proved that the patients who were on intensive treatment with insulin had a shorter duration of MV (6) . NICE-SUGAR study and De Barcellos CS study failed to demonstrate a significant difference between the group in duration of MV. (7) The atrial fibrillation is an undesirable postoperative complication that disturbs normal hemodynamics. Intraoperative use of GIK solution in our study gave a significant reduction of AF in GIK group as well as Gandhi GY presented in his study (8) . Rabi D and De Barcellos CS studies showed that there was no difference in the occurrence of ventricular and supraventricular arrhythmias between the groups. (9,4) Many authors and their studies suggested a positive effect of the GIK solution usage due to prevention of postoperative rhythm disturbances, especially AF such as Furnary AP, Kirdemir P, Haga KK (10, 11).
Normal value of potassium is necessary to preserve the rhythm and thus hemodynamics. Occurrence of either hypokalemia or hyperkalemia, especially in the early postoperative recovery, can lead to fatal complications-hypokalemia to malignant arrhythmias and hyperkalemia to cardiac arrest. In our study, potassium values were stable in GIK group compare with the non GIK group, therefore the study group had less rhythm disturbance and stable hemodynamics. Rabi D and De Barcellos CS studies confirmed the same results as our study (4) .
Only 6 studies, of 20 analyzed, yielded data on the potassium trend, and from 6 studies, only one provided data on hyperkalemia appearance (12) .
According to the currently presented data, it is unclear what should be the "ideal" glycemia control in diabetic patients with a cardiac bypass surgery? Diabetic patients have increased morbidity and mortality after CABG. Surgical, anesthetic studies and studies on patients treated in intensive care units, testify in favor of well-controlled glycemia. This is especially important for diabetics who than have better postoperative recovery (13) . In our study, we used arterial blood to measure glycemia. Guided by previous published studies, works and published meta-analysis, we decided to use not strict glycemic control (6.5-10 mmol/l). In our study we found statistically significant difference in insulin consumption between groups (p 0.001) in order to achieve desired glycemia. Insulin is more used in the non GIK group.
Prior to the year 2001, due to the lack of data about the benefits of strict glycemic control, not enough attention was paid to the existence of hyperglyce- Bearing in mind how much can be harmful appearance of hyperglycemia in the early postoperative recovery, we observed it in our study. In both groups, there was an increase in blood sugar levels. In the control group the highest value of glycemia was 18.2 mmol/l, vs. 18 mmol/l in the study group. With the rapid correction of hyperglycemia with an iv. bolus of insulin, desired glycemia values were achieved. The average value of postoperative glycemia was 11.1 mmol/l in the control group vs. 9.8 mmol/l in the study group.
Chart 3. Glucose values in the first 24 postoperative hours
The insulin consumption in groups were different. In the non GIK group mean value of insulin consumption was 44 IJ (28IJ -66IJ) vs 28,5 IJ (12IJ -42IJ) in the GIK group. So, the GIK group had less insulin consumption in order to maintain target glycemia (0,001). (16) . Standardization is something that is mandatory. The desired glycemia must be based on data and realistic for each individual institution. Requires constant monitoring of outcomes and success in achieving the desired glycemia, and continuing education of health care workers and correction protocols. Some of the protocols are efficient, but still so far there are no published randomized clinical studies that prove "the best protocol" (17, 18) . Since it is not exactly determined the optimal glycemia and the exact protocol, it is advisable to stick to the old postulates "first, do no harm" (19).
CONCLUSION
Intraoperative GIK solution given to diabetic patients with CABG gives more stable CI, shorter time of MV, more stable values of potassium which provides normal heart rhythm, less AF onset, and less additional insulin consumption in order to achieve desirable glycemia. All mentioned above provides more stable intraoperative hemodynamic and better recovery of diabetic patients after coronary artery bypass operation.
ReFeReNCeS
